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Abstract: Introduction: Semicircular canal dehiscence (SCD) is defined as a defect of the bone overlying
the semicircular canal. It has a relatively high prevalence of 3% in the general population, which makes
it likely that a certain number of patients receiving a cochlear implant (CI) would have it. However,
little is known about the influence of SCD on the CI outcome. Therefore, the aim of this study was to
determine the influence of SCD on CI outcome with regard to short- and long-term word perception and
hearing preservation. Methods: This study was a retrospective analysis of postoperative word perception
ability in the electric-only condition after 6, 12, and ฀18 months and of hearing preservation 4 weeks
after surgery in CI recipients with and without SCD. All patients received a preoperative 1.5- or 3-tesla
magnetic resonance imaging. Results: Fifty-five patients were included. Forty-eight patients (87%) had
no SCD, and 7 patients (13%) had SCD. Mean postoperative word perception scores were 66% in the
non-SCD group versus 50% in the SCD group (p = 0.17) after 6 months, 74 versus 64% (p = 0.28) after
12 months, and 77 versus 73% (p = 0.62) after 18 or more months. The mean postoperative hearing loss
in patients with functional residual hearing before surgery (n = 34) was 22 dB in the non-SCD group
versus 31 dB in the SCD group (p = 0.15). Conclusions: CI outcome is comparable between recipients
without and with SCD. Specifically, hearing preservation rate and word perception ability in the electric-
only condition seem not affected by SCD. The rate of progress of word perception ability in the first 12
months after cochlear implantation is not influenced by SCD.
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Abstract
Introduction: Semicircular canal dehiscence (SCD) is defined 
as a defect of the bone overlying the semicircular canal. It has 
a relatively high prevalence of 3% in the general population, 
which makes it likely that a certain number of patients re-
ceiving a cochlear implant (CI) would have it. However, little 
is known about the influence of SCD on the CI outcome. 
Therefore, the aim of this study was to determine the influ-
ence of SCD on CI outcome with regard to short- and long-
term word perception and hearing preservation. Methods: 
This study was a retrospective analysis of postoperative 
word perception ability in the electric-only condition after 6, 
12, and ≥18 months and of hearing preservation 4 weeks af-
ter surgery in CI recipients with and without SCD. All patients 
received a preoperative 1.5- or 3-tesla magnetic resonance 
imaging. Results: Fifty-five patients were included. Forty-
eight patients (87%) had no SCD, and 7 patients (13%) had 
SCD. Mean postoperative word perception scores were 66% 
in the non-SCD group versus 50% in the SCD group (p = 0.17) 
after 6 months, 74 versus 64% (p = 0.28) after 12 months, and 
77 versus 73% (p = 0.62) after 18 or more months. The mean 
postoperative hearing loss in patients with functional resid-
ual hearing before surgery (n = 34) was 22 dB in the non-SCD 
group versus 31 dB in the SCD group (p = 0.15). Conclusions: 
CI outcome is comparable between recipients without and 
with SCD. Specifically, hearing preservation rate and word 
perception ability in the electric-only condition seem not af-
fected by SCD. The rate of progress of word perception abil-
ity in the first 12 months after cochlear implantation is not 
influenced by SCD. © 2020 The Author(s)
Published by S. Karger AG, Basel
Introduction
Semicircular canal dehiscence (SCD) is defined as a 
defect of the bone overlying the semicircular canal. This 
condition was first described by Minor et al. [1998]. The 
prevalence of SCD is estimated to be around 3% in the 
This is an Open Access article licensed under the Creative Commons 
Attribution-NonCommercial-4.0 International License (CC BY-NC) 
(http://www.karger.com/Services/OpenAccessLicense), applicable to 
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general population [Masaki, 2011]. However, the major-
ity of patients with SCD are asymptomatic. The preva-
lence of SCD syndrome with sound-induced vestibular 
symptoms, low-frequency conductive hearing loss, au-
tophony, hyperacusis, and aural fullness amongst other 
symptoms is reported to be around 0.6% [Masaki, 2011].
Due to the relatively high prevalence of SCD, it seems 
likely that a certain number of patients receiving a cochlear 
implant (CI) would have it. Only one study has investigated 
the CI outcome in this specific patient population [Puram 
et al., 2015]. Puram et al. [2015] found a prevalence of 7% 
of SCD among CI recipients and reported decreased post-
operative word perception ability compared to CI recipi-
ents without SCD. Nonetheless, both groups had improved 
in word perception ability relative to their preoperative per-
formance. The subjective rate of dizziness was comparable 
between both groups. The authors concluded that the surgi-
cal outcome between CI recipients with and without SCD 
is similar, although the average postoperative word percep-
tion ability was significantly lower in patients with SCD.
Computed tomography represents the gold standard 
for diagnosing SCD. However, multiple studies have dem-
onstrated the efficacy of using magnetic resonance imag-
ing (MRI) for its diagnosis [Browaeys et al., 2013; Inal et 
al., 2016; Beyazal Çeliker et al., 2018]. The aim of this study 
was to conduct a retrospective analysis of the prevalence 
of SCD among CI recipients, word perception outcome 
over time, and rate of preservation of residual hearing. We 
hypothesized that the CI outcome, hearing preservation, 
and word perception over time in patients with SCD 
would be the same compared to CI recipients without 
SCD. This is the first report of hearing preservation rates 
after cochlear implantation in patients with SCD.
Methods
The study was conducted in accordance with the Ethics Com-
mittee of Zurich (KEK-ZH-Nr. 2017-00852) and with international 
standards for human research. A retrospective chart review of 582 
patients receiving cochlear implantations at the University Hospital 
of Zurich, Switzerland, between January 2003 and December 2013 
was performed. Inclusion criteria were as follows: ≥18 years, Ger-
man speaking, residual hearing at any frequency before surgery, im-
plantation with a full-length CI electrode array, preoperative 1.5- or 
3-tesla MRI available including thin-sliced T2-weighted sequences 
of the temporal bone, postoperative assessment of residual acoustic 
hearing, and at least 3 postoperative monosyllabic word perception 
test scores after approximately 6, 12, and 18 or more months.
All cochlear implantations were carried out according to the 
standard surgical technique. Soft surgical principles were followed. 
The correct positioning of the electrode array was confirmed using 
a cochlear view X-ray. For the assessment of subjective dizziness 
after surgery, patients’ charts were analyzed retrospectively.
Audiometric Evaluation
All audiological testing was conducted at the University Hos-
pital of Zurich. Pure-tone testing was performed in concordance 
with ISO 8253-1. The pure-tone average (PTA) and hearing loss 
were calculated from the hearing thresholds at 250, 500, and 1,000 
Hz. If no response was present, the maximum audiometer output 
+5 dB was entered into the database. Functional residual hearing 
was defined as a PTA of ≤85 dB HL.
The postoperative word perception ability was assessed using 
the Swiss version of the German Freiburger monosyllabic test in 
quiet [Kompis et al., 2006]. The tests were conducted in the elec-
tric-only condition with the other ear masked. Percentage of words 
correctly repeated at a presentation level of 65 dB SPL was deter-
mined. If more than one word perception score was available after 
≥18 months, then the last assessment was chosen.
Radiological Assessment
Imaging was performed using 1.5- or 3-tesla MRI scanners 
from different vendors. The presence of SCD in the preoperative 
MRI was assessed by 2 independent investigators (J.M. and S.W.) 
a b c
Fig. 1. MRI scan (3-tesla T2-weighted SPACE sequence) of the temporal bone of 2 adults with dehiscence (a, b) 
and without dehiscence (c) of the left SCC. Axial image reconstruction of the left SCC (a) and magnified image 
reconstruction of the long-axis plane of the left SCC (b) demonstrate a dehiscence of the bony covering of the 
SCC in the arcuate eminence (arrows). c Corresponding image example of a patient without SCC dehiscence with 
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blinded to patient and outcome information. The SCD was evalu-
ated with images in the parallel, perpendicular, and oblique sagittal 
planes to the semicircular canals [Beyazal Çeliker et al., 2018] 
(Fig.  1). The MRI findings were initially graded in 4 categories 
(1 = SCD, 2 = no SCD, 3 = suspicious for SCD, and 4 = SCD un-
likely). In patients with initial category 3 or 4, both investigators 
revaluated the images independently and allocated it to either 
group 1 (non-SCD) or group 2 (SCD). After reevaluation, there 
was complete agreement between both investigators. Consequent-
ly, for the final analysis, all patients were allocated to either group 
1 (non-SCD) or group 2 (SCD).
For this retrospective analysis, we had to rely on MRI findings 
for the diagnosis of SCD, as CT scans and vestibular evoked myo-
genic potential (VEMP) tests were not routinely performed before 
cochlear implantation at our institution. However, multiple stud-
ies comparing CT with MRI for the diagnosis of SCD showed a 
high reliability of MRI [Browaeys et al., 2013; Inal et al., 2016; Bey-
azal Çeliker et al., 2018]. Furthermore, MRI findings were matched 
with CT findings if available.
Statistical Analysis
Statistical analysis was conducted using GraphPad Prism 
Version 8.0.0 (GraphPad Software, Inc., San Diego, CA, USA). 
To compare demographic data between groups, either Fisher’s 
exact test (gender, side, CI, and surgical approach) or a t test with 
Bonferroni correction (mean age, mean duration of hearing loss, 
and mean preoperative PTA) was conducted. Postoperative out-
come was analyzed using a t test with Bonferroni correction 
(mean hearing loss and mean postoperative word perception 
ability).
Results
Fifty-five patients were included. Four hundred 
ninety-one patients had to be excluded due to incom-
plete audiological data, 5 patients had no MRI, and 31 
patients had MRIs without thin-sliced T2-weighted im-
ages of the temporal bone. After initial analysis of the 
radiological data, 6 patients were in group 1, 43 in group 
2, 2 in group 3, and 4 in group 4. After reevaluation, 7 
patients (13%) were allocated to group 1 (SCD group) 
and 48 patients (87%) to group 2 (non-SCD group). 
MRI and CT scans were available in 14 cases (25%). In 
all of these cases, there was agreement between MRI and 
CT results. All of these patients were allocated to group 
2 (non-SCD group). Demographic data of both groups 
are summarized in Table  1. The demographic data 
showed no significant difference between group 1 and 
group 2.
Mean postoperative word perception scores were 
66% in the non-SCD group versus 50% in the SCD 
group (p = 0.17) after 6 months, 74 versus 64% (p = 0.28) 
after 12 months, and 77 versus 73% (p = 0.62) after 18 



















Table 1. Comparison of demographic and audiometric data between patients without and with SCD
Non-SCD SCD p value
Total, n 48 7
Gender: female, n (%) 27 (56) 6 (85) 0.7a
Side: right, n (%) 25 (52) 3 (43) 0.7a
Mean age at implantation (range), years 50 (19–80) 63 (31–89) 0.0502b
Mean duration of hearing loss (SD), years 23 (15) 17 (19) 0.35b
Cochlear implant, n
CI24RE 26 3 0.7a
CI422 22 4
Surgical approach: cochleostomy, n (%) 27 (56) 3 (43) 0.69a
SCD, semicircular canal dehiscence. a Fisher’s exact test. b t test with Bonferroni correction.
Fig. 2. Mean monosyllabic word perception score over time in the 
SCD and the non-SCD group. Percentage of words correctly re-






non-SCD group and 4 (57%) in the SCD group had re-
sidual functional hearing. In these patients, the mean 
preoperative hearing was 81 dB HL (SD = 17 dB) in the 
non-SCD group and 79 dB HL (SD = 30 dB) in the SCD 
group. Mean postoperative hearing loss 4 weeks after 
surgery was 22 dB (SD = 12.2 dB) in the non-SCD group 
versus 31 dB (SD = 8 dB) in the SCD group (p = 0.15) 
(Fig. 3). Seven patients in the non-SCD group and 1 pa-
tient in the SCD group had a complete loss of residual 
hearing.
Discussion
The aim of this study was to determine the preva-
lence of asymptomatic SCD in CI recipients and de-
scribe the CI outcome in this population. Overall, there 
was no difference in postoperative word perception 
ability in the electric-only condition and rate of preser-
vation of residual hearing between CI recipients with-
out and with SCD. Our data suggest that asymptomatic 
SCD does not influence CI outcome. However, with a 
prevalence of 13%, SCD seems to be more prevalent 
among CI recipients than among healthy adults (i.e., 3% 
as reported by Masaki [2011]).
Only one report about CI recipients with SCD has 
been published [Puram et al., 2015]. Compared to our 
results, Puram et al. [2015] reported a slightly lower 
prevalence of SCD among CI recipients (7%) and found 
significantly lower CNC word repetition ability in pa-
tients with SCD versus those without SCD. However, 
the reference group and the SCD group in their study 
showed a significant difference regarding duration of 
hearing loss (249 vs. 494 months), which is a known fac-
tor influencing CI outcome [van den roek and Dun-
nebier, 2009]. Therefore, they accounted for the signifi-
cant difference between both groups to be mainly due 
to a significantly longer duration of hearing loss in the 
SCD group. In our study population, duration of hear-
ing loss was not significantly different between the SCD 
group and the non-SCD group, and we could not detect 
a significant difference in postoperative word percep-
tion ability at any time point.
Hearing preservation rate was unaffected by SCD. 
We analyzed hearing preservation in a subgroup of pa-
tients with functional residual hearing in the low fre-
quencies (low-frequency PTA ≤85 dB HL, n = 34) to 
minimize distortion of the results due to the ceiling ef-
fect. The postoperative hearing loss was comparable be-































Patients with functional residual low-frequency hearing
(n = 34)
Mean hearing loss 22 dB Mean hearing loss 31 dB

































Fig. 3. Preoperative hearing in all patients (a) and pre- and postoperative hearing in the subgroup of patients with 
functional residual hearing before surgery (n = 34) (b, c). SCD, semicircular canal dehiscence.
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(mean hearing loss was 22 dB in the non-SCD group vs. 
31 dB in the SCD group). It has to be noted that 1 patient 
in the non-SCD group showed an improvement of the 
hearing threshold of 10 dB after surgery (Fig. 3b). How-
ever, this patient suffered from fluctuating hearing loss 
due to Ménière’s disease, which likely explains the post-
operative improvement of the hearing threshold.
Our study has some limitations. First, it is a retro-
spectively conducted analysis and the number of pa-
tients is limited, especially in the SCD group. Further, 
we based our diagnosis of SCD solely on radiological 
findings. VEMP tests as a method to confirm the diag-
nosis of SCD were not available. Last, we relied on MRI 
rather than on CT results, although CT scans are the 
gold standard to diagnose SCD radiologically. The rea-
son is that CT scans were also not routinely conducted 
before cochlear implantation at our institution and 
were therefore available only in 25% of our population. 
However, according to the available literature [Browaeys 
et al., 2013; Inal et al., 2016; Beyazal Çeliker et al., 2018], 
MRI represents a reliable tool to diagnose SCD. Fur-
thermore, in the subgroup of 14 CI recipients with MRI 
as well as CT scans, the assessment showed agreement 
between the results of both modalities. Overall – despite 
the mentioned limitations – this is the first study sup-
porting the notion that CI outcome in asymptomatic 
SCD patients is equal to the CI outcome in non-SCD 
patients, especially with regard to word perception in 
the short term as well as the long term and to hearing 
preservation.
Conclusions
CI outcome is comparable between recipients with 
and without SCD. Specifically, hearing preservation rate 
and word perception ability in the electric-only condition 
seem not affected by SCD. The rate of progress of word 
perception ability in the first 12 months is not influenced 
by SCD.
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